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Specification 



1. Title of the Invention: Multistage Linear Array Antenna 

2. Claims 

(1) A multistage linear array antenna comprising 

a plurality of driven elements, each of which has a first phase shifter connected thereto; 

at least one second phase shifter connected in common to the plurality of first phase 
shifters; and 

a feed terminal for supplying power to the second phase shifter; 

wherein the first phase shifter for each driven element is set to effect a larger beam tilt angle than 
required, and the required beam tilt angle is achieved through the combined phase shift of the first 
and second phase shifters. 

(2) A multistage linear array antenna according to Claim 1 , characterized in that the amount of 
phase shift effected by a first phase shifter is given by 

- (i - 1) x 2n x d x sinCC , 

where i = 1 ... n (n = M x m), and i is the sequence number of the first phase shifter, counting 
from an end first phase shifter, 
d is the spacing between elements/wavelength, 
a is the beam tilt angle effected by the first phase shifter, 
n is the number of driven elements, and 
m is the number of second phase shifters; 

and the amount of phase shift effected by a second phase shifter is given by 
(m-j)P, 
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where 

j is the sequence number of the second phase shifter, counting from an end second phase 
shifter, and 

P is the difference in phase shift between each second phase shifter and the adjacent 
second phase shifter. 

(3) A multistage linear array antenna according to Claim 1, characterized in that the amount of 
phase shift effected by a first phase shifter is given by 

- (i - 1 - (m - 1) M) x 2n x d x since , 

where i = 1 ... n (n = M x m), and i is the sequence number of the first phase shifter, counting 
from an end first phase shifter, 
d is the spacing between elements/wavelength, 
a is the beam tilt angle effected by the first phase shifter, 
n is the number of driven elements, and 
m is the number of second phase shifters; 

and the phase shift effected by a second phase shifter is given by 
-(m-l)p', 

where 

j is the sequence number of the second phase shifter, counting from an end second phase 
shifter, and 

P' is the difference in phase shift between each second phase shifter and the adjacent 
second phase shifter. 

3. Detailed Description of the Invention 
Industrial Field of Use 

The present invention relates to a method of supplying [rf] 2 power to a multistage linear array 
2 All [straight brackets], excluding those in equations, enclose text added by the translator. 
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antenna, wherein, in a base station antenna in which the directivity in the vertical plane is formed 
by beam tilting, the level of first upper side lobes occurring in an interference region is 
suppressed. 

Prior Art 

A base station antenna using beam tilting will be described with reference to Fig. 1 . Indicated in 
Fig. 1 are a base station antenna 1, a wireless [communication] base station 2, a base station 
antenna height H, a wireless zone radius R, and a beam tilt angle 0 t . The directivity in the vertical 
plane with no beam tilting (with the principal radiated beam pointing horizontally) is indicated by 
'(a),' and the directivity in the vertical plane with the beam tilted, where the principal radiated 
beam is tilted [downward] to where the [radiated power] level in the 0 X direction is the same as 
when the principal radiated beam is pointing in the horizontal direction, is indicated by *(b).' 

Here, the angle 0 X , the pointing angle from the base station antenna to the perimeter of the 
wireless zone, is given by the equation 

8 X = tan" 1 (H/R) (1) 

In land mobile communications systems in which the same frequency is repeatedly used, tilting 
the base station antenna in this manner reduces the [signal] level in distant areas in which the 
same frequency is being used, thus reducing interference. 

To assess beam tilting effect, we assume a land mobile communications system using a small 
wireless zone setup so that there will be no difference between the received signal levels at the 
periphery of the wireless zone with and without beam tilting, and then determine how much the 
received signal strength is reduced outside of the zone when the beam is tilted. 



4 



From equation (1), it follows that a beam tilting effect will exist if the base station antenna height 
is very high, or the wireless zone radius is small. The tilting effect will also exist if the beam 
width in the vertical plane is narrow (the width between half-power points). 

The beam tilting effect will now be considered in concrete terms. Consider, for example, a zone 
with a radius R of 3 km, and a base station antenna with gain G of approximately 12 dB and an 
antenna height H of approximately 120 m (Large Capacity Mobile Communication Techniques, 
NTT International Symposium, July 13, 1983). 

An approximation of the gain of a linear array antenna is expressed by 10 log (1.22nd), and since 
G = approximately 12 dB, if we assume that the number of elements n = 16, we can find the 
antenna spacing d = IX. An example of a prior multistage linear antenna of this type shown in 
Fig. 2. Shown here are driven elements 2 { - 2 16 , first phase shifters 3i - 3 i6 , a power divider 5, 
and a feed terminal 6. For a multistage linear array antenna thus configured, the directivity in the 
vertical plane F(9) is expressed by the equation 

F(6) = £(0)]T In • expO Qn) • cxp[jnkd • sin(0)] (2) 

where 

g(9) is the driven element directivity in the vertical plane, 

N is the total number of driven elements, 

n is the element number of a driven element, 

I n is the intensity of the current in the n* driven element, 

d is the spacing between driven elements (normalized to wavelength), 

& is the feed phase of the [n*] driven element, and 

k is a phase constant. 
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The relationship between the beam tilt angle 9 t , and the feed phase 0 n of the [phase shifters] 3! - 
3 16 is expressed by 

((> n = sin (9J kd x (n - 1) n = 1 ... 16 (3) 



From Eq. (3), with no beam tilt, 9 t = 0, therefore <()„ = 0°. In addition, if Eq. (2) is solved to find 
the directivity in the vertical plane F(0) when the number of elements n = 16 and the antenna 
spacing d = IX, the resulting directivity solution will be as shown in Fig. 3. Fig. 4, which shows 
the propagation loss-distance characteristic for this directivity, was obtained using an urban area 
propagation estimation curve. Fig. 4 is the characteristic without beam tilt, and this characteristic 
will therefore be used as the evaluation standard. The propagation loss at the 3 km point in the 
wireless zone periphery is 140 dB, and when the beam is tilted, the propagation loss [at the 3 km 
point] must not exceed this amount. 

Next, if the conventional multistage linear array antenna shown in Fig. 2 is beam-tilted, then from 
the relationship between the wireless zone radius and the base station antenna [height], as 
expressed by Eq. (1), we can find the value 9 X = 2.29°, and since the beam tilt angle 6 t can be 
approximated as 29 x , we have 9 t = 4.58°. By substituting in Eq. (3), the feed phase of each driven 
element can be found. Then by solving Eq. (2), we can obtain the directivity in the vertical plane 
as shown in Fig. 5. The, we can plot the propagation loss-distance characteristic shown in the 
graph of Fig. 6. Here, because the propagation loss at the 3 km point is 140 dB, the same as it 
was in Fig.4, there is no degradation of signal level at the wireless zone periphery. At the 20 km 
point, however, the propagation loss as shown in Fig. 6 is a full 17 dB greater than in Fig. 4. This 
is the beam tilting effect. 
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Here, as can be seen from Figs. 5 and 6, the propagation loss increases in the vicinity of 7 - 8 km. 
Naturally, if the increase in propagation loss were to continue at this rate, the beam tilting effect 
would be very large. Actually, however, due to the influence of first side lobes above the 
horizontal plane of the multistage linear antenna [radiation pattern], as the distance from the 
antenna increases, the propagation loss again decreases, which is a problem [in terms of 
interference with other users of the same frequency in adjacent zones]. There is also a problem in 
that in the feed method shown in Fig. 2, each driven element has a separate phase shifter, which 
complicates phase adjustments. One method devised to alleviate this problem is shown in Fig. 7. 
Here, phase shifters are inserted after multiple driven elements are combined by power dividers. 
For this configuration, directivity F(0) is given by 

r(0) = gidi^In^xpUn'kd •sin(0)]x j0mxexp[yfe/'*sin(0)] (4) 

where n' = n/m, m = number of dividers, and d* = n/m x d. 

The parameters in a working example of the prior configuration shown in Fig. 7 were n = 16, m = 
4, and d = IX. Since the beam tilt angle is 4.58°, the phase difference from one group to the next 
would be approximately -113°. The result obtained when Eq. (4) is solved for these values is 
shown in Fig. 8, and the propagation loss-distance characteristic is shown in Fig. 9. 

Problems the Invention is to Solve 

From these graphs it is apparent that although the [configuration of Fig. 7] simplified the feed 
method, it still had a problem with loss of beam tilting effect because there was no suppression of 
upper first side lobes in the propagation path. 
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To eliminate these problems, it is an object of the present invention to provide a multi-stage linear 
array antenna with improved beam tilting effect, wherein a simple adjustment of group phase- 
shifters can be made to change the beam tilt angle while also reducing side lobes occurring in the 
propagation path. 

Means of Solving the Problems 

To achieve the above objective, the present invention is characterized in that it provides a 
multistage linear array antenna comprising a plurality of driven elements, each of which has a 
first phase shifter connected thereto; at least one second phase shifter connected in common to a 
plurality of the first phase shifters; and a feed terminal for supplying power to the second phase 
shifter; wherein the first phase shifter for each driven element is set to effect a larger beam tilt 
angle than required, and the required beam tilt angle is achieved through the combined phase shift 
of the first and second phase shifters. 

Embodiments 

Fig. 10 shows an example antenna configured according to the present invention. An antenna 
array 10 is made up of 16 driven elements 2 X - 2 16 set at an antenna spacing d of 1 wavelength. 
Inserted at each of the driven elements 2 Y - 2 16 , is one of 16 first phase shifters 3j - 3j 6 . The 
antenna array 10 is divided into four groups of four elements each. Inserted at the combined 
terminals of each group is one of four second phase shifters 41-44. 

The [first] phase shifters 2 X - 2 l6 [sic] for the various driven elements are set to obtain a beam tilt 
angle a larger than necessary. In a method for selecting a, values of the angular increase over the 
required beam tilt angle (which we will refer to as 'backup angle'), are plotted on the horizontal 
axis of Fig. 11. Now, if the base station antenna [height] is 120 m, [and the zone radius is 3 km, 
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as in the above example], then the required beam tilt angle will be 4.58°. From Fig. 11 it is 
apparent that a larger backup angle will provide greater effect in reducing side lobe [power] level, 
but it will also result in loss of gain. Also, although gain loss can be avoided by using a smaller 
backup angle, doing so will also reduce effectiveness in reducing side lobe [power] level. 

For this example, to provide a gain loss no greater than 0.5 dB, an angle a = 5.5° was selected. 

From Eq. (3), the [phase shift of] the individual [first] phase shifters 3i - 3 I6 would be -34.7° x 
(n-1). 

To obtain the required 4.58° beam tilt angle, the phase shifters 41 and 42 were set to a phase of 0° 
and the phase shifters 43 and 44 were set to 86°. In other words, to explain the phase 
relationships in terms of Fig. 12, the per-element phase shift of the first phase shifters is - (i -1) x 
2rcd x since (i = 1 ... n), a value greater than the required beam tilt angle, as indicated by the 
dashed line in Fig. 12. The phase shift effected by the second phase shifters, then, must revert the 
phase to the required beam tilt angle 0 t , as indicated by the solid line. The amount of phase shift 
that must be effected by the second phase shifters in order to do this is (m - j) (3, where m is the 
number of second phase shifters, and an approximation of p is expressed by 

R _ 2;r(/i-l)rf(sina-sinflr) 
P ~ ^1 

Since m = 2, the proper phase for the 1 st second phase shifter will be 0, and that of the 2 nd second 
phase shifter will be (3. If these phase shifts are applied, the phase shift, as indicated by the 
dashed line, will be the equivalent of 9 t as indicated by the solid line. The directivity computation 
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result for this example is shown in Fig. 13. 



Fig. 14 shows the propagation loss-distance characteristic obtained using the feed method of the 
present invention. As shown, the propagation loss at the 3 km point is 140 dB, the same as when 
beam tilting is not applied, and the propagation loss at 20 km is extremely large. In other words, 
beam tilting effect has been increased. 

In another feed method for obtaining this effect, the same configuration as that shown in Fig. 10 
is used, but the amount of phase shift applied to 3, - 3 16 and 41 - 44 is different. The diagram in 
Fig. 15 shows typical [rf] power feed phases for the various driven elements. For 3i - 3, 5 of Fig. 
10, a value of M = 4 is used, the elements are divided in groups of 4, a value of m = 4 used, and 
the phase set so that within the 4 divided elements the beam tilt angle will be a. Now if we set 
n = M x m, and 

set the amount of phase shift in the first phase shifters to - (i - 1 - [m - 1] M) x 2nd sina , 
where i = 1 ... n, 

m = 1 ... 4, and 
M = 1 ... 4, 

then the phase will be as shown by the dashed line in Fig. 15. Since the phase [shifts] of all of th 
second phase shifters is 0°, if a is a small value, the beam tilt angle will be approximately 0°. 
Also, the phase difference between adjacent second phase shifters P' will be 

2n(n-i)dsmdt 
P ~ m-1 

If we set the amount of phase shift so that [the phase shift of] the second phase shifters is - (m - 



10 



1)P\ the equivalent of the required beam tilt angle, as indicated by the solid line in Fig. 15 will be 
obtained. With this type of feed as well, we obtain the same propagation [loss] -distance 
characteristic as that shown in Fig. 14. 

This feed method has an advantage over the embodiments described above in that it can use the 
same structure for each group of four elements and the same feed phase, which provides an 
advantage for antenna construction. 

The construction of a 4-element antenna array is shown in Fig. 16. An antenna array IT is made 
up of a power divider circuit 5' (which is made of microstrip lines), and the antenna arrays 2 { - 2 4 . 

When [a signal source] is connected to the 0 point of the tournament-chart-shaped power divider 
circuit, signals are fed to all of the driven elements in phase. Here, however, because the 
configuration must be such that the beam tilt angle will be a, the construction is such that each 
feed point is offset from the 0 point at the center of the microstrip. 

The feed phase of 2i is AL X + AL 3 , that of 2 2 is AL 3 - AL 1? that of 2 3 is AL2 - AL 3 , and that of 2 4 is 
- ( AL2 + AL 3 ). If we assume that the phase difference of a reference element 2 4 is 0°, the feed 
phases of 2 2 - 2 4 , will each be delayed [(lagging) with respect to the reference]. The antenna 
array IT is constructed on a printed circuit board, and it can therefore easily be fabricated using 
etching technology. 

Fig. 17 shows an embodiment of a configuration that uses 16 elements. It uses four of the 
antenna array groups of Fig. 16 arranged in a vertical row. Phase shifters 41 - 44 are connected 
to the feed terminals of the respective arrays, and these phase shifters are then combined in a 
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power divider 5. Coaxial feed lines of different length are used for the phase shifters 41 - 44. 
Therefore, a feed phase can be changed by simply changing the length of its coaxial feed line. 
When backing up the beam tilt angle, the angle can be set as desired. 

Effects of the Invention 

As described above, phase shifters can be inserted at driven elements 2 X - 2 16 to adjust the beam 
tilt angle to an angle a. This allows the driven elements to be pre-integrated as a single unit, 
which simplifies antenna design. An additional advantage is provided in that upper first side lobes 
can be reduced by simply inserting phase shifters at the feed terminals, after dividing the antenna 
array, to revert the beam tilt angle [to the required angle]. 

In addition, because the optimum beam tilt angle for a given base station antenna height can 
easily be set by simply backing up the phase shifters 41 - 44 for individual blocks, adjustments 
required after completion of antenna construction are simplified, thus providing excellent 
workability. 

4. Brief Description of the Drawings 

Fig. 1 illustrates the general concept of beam tilting. Fig. 2 shows the antenna feed circuit for a 
prior linear array antenna in which a phase shifter is inserted for each element. Fig. 3 is a graph 
of the directivity in the vertical plane of a prior linear array antenna in which a phase shifter is 
inserted for each element, at a beam tilt angle of 0°. Fig. 4 shows the propagation distance 
characteristic curve for a prior linear array antenna in which a phase shifter is inserted for each 
element, at an antenna beam tilt angle of 0°. Fig. 5 is a graph of the directivity in the vertical 
plane of a linear array antenna in which a phase shifter is inserted for each element, at an antenna 
beam tilt angle of 4.58°. Fig. 6 shows a propagation-distance characteristic curve for a linear 
array antenna in which a phase shifter is inserted for each element, at an antenna beam tilt angle 
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of 4.58°. Fig. 7 shows the antenna feed circuit for a prior linear array antenna in which a phase 
shifter is inserted for each group of four elements. Fig. 8 is a graph of the directivity in the 
vertical plane of a prior linear array antenna in which a phase shifter is inserted for each group of 
four elements, at an antenna beam tilt angle of 4.58°. Fig. 9 shows the propagation-distance 
characteristic curve for a prior linear array antenna in which a phase shifter is inserted for each 
group of four elements, at an antenna beam tilt angle of 4.58°. Fig. 10 shows the antenna feed 
circuit for a beam tilting linear array antenna according to the present invention. Fig. 11 is a 
graph of backup angle vs. side lobe level and gain loss. Fig. 12 shows a graph of phase with 
respect to an antenna array. Fig. 13 is a graph of the directivity in the vertical plane of a beam 
tilting linear array antenna according to the present invention at an antenna beam tilt angle of 
4.58°. Fig. 14 shows the propagation-distance characteristic curve for a beam tilting linear array 
antenna according to the present invention using directivity in the vertical plane that has a beam 
tilt angle of 4.58°. Fig. 15 shows a graph of phase with respect to an antenna array. Fig. 16 
shows an example of the construction of a four-element beam tilting antenna. Fig. 17 shows an 
example of the construction of a beam tilting base station antenna. 

1 . Base station antenna 

2. 2. Wireless [communications] base station 
11-14. Antenna array made up of four elements 

11' - 14'. Antenna array made up of four elements, constructed using microstrip [lines] 
2i - 2 i6 . Driven elements 

2T - 24\ Driven elements constructed using microstrip [lines] 

3j - 3 !6 . Phase shifters 

41-44. Phase shifters 

5. Power divider 

5'. Microstrip line power divider 
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6. [Antenna] feed terminal 
10. Antenna array 

Patent Applicant: Nippon Denshin Denwa Kousha 

Patent Application Agent: Keiichi Yamamoto, Patent Attorney 

DRAWINGS 
Fig. 3 

Y axis: Relative Electric Field (dB) 
X axis: Angle (deg) 

Fig. 4 

X axis: Distance (km) 

Fig. 5 

X axis: Angle (deg) 

Fig. 6 

X axis: Distance (km) 

Fig. 8 

X axis: Angle (deg) 

Fig. 9 

X axis: Distance (km) 

Fig. 11 

Y axis left: First Side Lobe Level (dB) 

Y axis right: Gain Loss (dB) 

Fig. 12 

Y axis: Number of Driven Elements 
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X axis: Phase 

Right side: For the case m = 2 

Fig. 13 

X axis: Angle (deg) 

Fig. 14 

X axis: Distance (km) 

Fig. 15 

Y axis: Number of Driven Elements n 
X axis: Phase 

Right side: For the case m = 4 
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ABSTRACT: 

PURPOSETo increase the beam tilting effect by setting the 1st phase shifter for each exciting 
element so as to give a beam tilting angle larger than a required value and obtaining a required 
beam tilting angle by the combined phase shift by the 1st and 2nd phase shifters so as to reduce 
a side lobe level produced during propagation. 

CONSTITUTIONS antenna array 10 consists of 16 exciting elements 21 -21 6, the interval (d) of 
each antenna is selected as one wavelength and phase shifters 31-316 are inserted respectively 
to the exciting elements 21-216. Further, the antenna array 10 is divided into four groups as four 
elements each and phase shifters 41-44 are inserted of a combined terminal of each group. The 
exciting elements 21-216 are set to have an angle alpha larger than the required beam tilting 
angle. Since the phase shifters are incorporated with the exciting elements in advance, the 
antenna design is attained easily and the 1st upper side lobe level is reduced by using the 2nd 
phase shifter to restore the beam tilting angle only- 



® a * m » s* if (jp) © if ft m m a m 

© & §9 (a) PS61 - 17241 1 

®Int.CI.« ISWUire ffrtSSS^ P^B61^(1986) 8 ^4B 
H 01 Q 21/22 7004- 5J 

«IS* * 3&!3<n« l (4uJD 



©4$ 81 HB60- 12541 

9tt SB PS60(1985)1J?28B 

®& 38 ^ Kitffi £ 1»§OliW&lTi2356*Jfi 0«6ra&lb«33?mS, 

©ft a A w* &~ 



9! m * 

1. 

< t t I fliO* 2 ««S2i. K»2#« 
SKl&*-f fc 9 - 77" 

4 ryfticfci't, M*?«e* i 

*Jt5tcRjgU, »1 #«£fc» 2##S©#J& 
«K J: OBtBO^-a^/w^^ f^ftfcS** 

5 1 t4r#at-r%*a'; =77^7^?^, 

(2) iSESff 1 #ffiSfc i iffiffi** 
- ( i -I ) x 2* x<J xsi» « 
i = l~n (n=Mxm)-Ci li« 1 SffiSO 

ft. 



m ; SB 2 SffiS^B, 
it, «2»«Sk: xfcffiffi** 

( m- j ) ^ 

A I 2 #ffiSOtt«g, 

«OjS'J=77l"(7y?t. 

(3) flrBSB i #«SK J: 

-( i-l-(m-l)M) X2* x d X si* « 
i=l-n(n = Mxm) H i »i» 1 #*SS<0 

d ; *?MB/Kft. 
«« ; 1 SffiSKli 
ft, 

iL, £ 2 91S3KJ: 
— ( m - I ) ^' 

i ; M2»«s«o»^e>ojE# 



-45- 



( &&±<owmfrm) 
( ®.*<o&m > 

* to 1 2 <ib % a ffl -r * % * a r ^ * » * » *. * 

r^^«»«»a«^^J 1983. 7.13) o 

1)^77^ T>-^^OfUWG^ffl<tt»K: 10 log 
( I. 22nd *fj& G = A 12 dB -Cfc 

*^ft n =16 t-fK^T^T-^MPSd^U fc« 

20fc7r:ro 2, -2, 
5S*T?*>*o COJ:5*ci«5iif:|.a , )-77 

F(*)=g(*)2In • exp ( j *rt) * exp £ jnkd -slot*)} -<2l 



»B»ea61-172411 (2) 

tf x = tan- 1 (H/R) •••(!) 

tf-Af-^^-f y^fefr^fcfc 

n : ®fi*^o**t 
k : ffi«56tt 

^n = siii(^t) ted X( n-i) n = 1-16 —(3) 

*t = 0° *n ^O 0 h fx** (2) 

3CK*iP#n«16, 7 ^?tMHd a l^ fcttAL 



*x -efiftl-e^^fc^ *t=4,58°%»*o 
#2*>*fc,&6iafc5*o ttt?, 3 km Jft/&T? 

20 km ift^nmar 4 a k r? <b s 

tot *«»a^-je«i^u-t:i^«:. 

■f fcfc-T M77H7>f 



»BSB8G1-172411 (3) 

isKitztw* mmm*&+z 

ttc. m2iafc^i-*&*fctt®***^ * 

?*c, aftofi&ffi****##fiS^#Lfc« 

to»^oM6 F'{*)t* 

FW=8(*) £ In ' X exp Circled -siit*)]* 

I^mxexpC jW • sia(*) ] -(4) 
n/m m d'= rt/m X d 

£g 7 0fcpi*Lfc#*O*;«flttn==i6, m=4, 
d = lUtfco kT- i ffftttX 4.58" -c 

tO £0(4>5tOttJUa:*fc3U HtC^-To 
®«S 2 O 41-44 At^o 

* J: 5 < 0 

kt 120 m £-f* t3fSt:-Af A^f A vfPin 



-47— 



c<ot %<ommz*z t<o&&& 3,-3,0 n«) 

j£d»e> - 34.7°x (n-1) JCft* 0 

fc*S»41. 42**0°. 43, 44 ** (Ott*S*-5jt* 
0f5O^-^^^f"^ f^ft* 4.58° iCfio t 

-(i-l)x2idXia«(i«l-Hi) -C*0. 

/i/t < x^ft^£>?>a><b#2#*SSw: * 0 't 

e>*L*ffiffi*tt (m- j )>y-emfif|| 2f ffiSOft, 

1-1— ,na*HKfi- *< a - l ¥Jf*~* $t) 
u fc * t t ft * o 

fc-T misiao^L»-e^ufctt«t ft*o t. 

o°hft*o ^ttMt%i2WOM/' 
»« 

rn — 1 

X 2 #*S3*K - )A' £ ft* * 5 

fcEfg<o -a ^ a,? 4 ^ jTft left tOJ: 5 

<o & ? a, - 7*1* n c mm. -c c »* ft*s -e * ^ 

4 tor + n*&\*m<o X 5 ft«j« 

"f * o 11'© T^ttJItt'O^M f ^* 
-2 4 d*<bft *o 

—48 



#0(0861-172411 (4) 

KJBI^ttfia-Cfc^a 3kmi*/Slt?0^flB»^« 140 
dBt^-At^f-r y^^LtHU^i*, 20km 
-COfe»«*»:#ft K ft % © ft o t * 0 . 

fflC*j£-efc**N 3,-3,6, 41-44fc#£*ffi 

*§Jt* ; »ft*o 

Lfc d £t 10 B3 K ?>3, — 3,«M~4i:L 
4 *^r^K:^SaU. m=4i:U ^«!Ufe4* 

fo^^-c^-Af /i/t^ ft ft* x 5 

^ 1 i-t-[ra-l)M)X2*ds« fl 
i - 1 — n 
m= 1 —4 
M~l-4 

2, ©J&Wffiffitt ^Ll + iL3. 2,f*iL3-^I>l. 
2,«iL2-4L3, 2* tt-(^L2 +4L3 ) ft *o 
24 tf**-Cft#a* ; 0 o fc-f*U*. 2t-2 4 Ol& 

%tl?tl<D7 ff + nV&X.ttfc 41-44 OttffiS 
4I-440ffi«S^ft SOftft* 



frfflLfc&0&m#*K<£*8£*#AL-t* 
t K fx * o 

**T^^Ktti-*tt#**L;fc«3£0, sine 
a t^r y^ffl4*f07^ftiiS 

i 2 -mnm&m. 

11—14 " 4 Sfc^^fc* T vT+n. 

¥frbttiZ 7 + 2,-2, a 
2lS-24'"-v Op*H» T'-CfcJ* JixfcJS&EI 

3,-3,0 -ttffiS. 41-44 -ttttS, 
5 -nj3fr&m* 5'~.-t4 ? a x Y 9 > 7*18 
iftO«^^S£S. 6 -|&«Sg^, 
10-T v^^^fJo 

* W A 
«^lll«lftIA 

# s ± Hi * m - 



fJRIBB 61-172411 (5) 

6 0li*^r t Kl<fcffi&##A U -77^ 

-f 7 y + <D X - T 4 v^ft 4.5tf OfcJR 

& 8 (3t*#*0 4 h *cffi«S^Jf A 

i)rT7H7yft(0^ - a a* * v ^ ft 
4^8°0^iSDBrt»^&%:*-r®. S9S«ft* 
04 8^rt fc<£;f8g**>i#AS*tfc II-77M 
T x T + O * - A < yffi4.5B° OfSfcE 

»9 c: T tu4 t^*oi&****0* ana** 

«*^bfc**0. »i3Satt*f&9J<0*-A^ a- 
T -f J^fl i)£77^7^tOe-Af/uf 
4.58°OSiSffirt^lRltt^^i" ®- »M 
Btt#Rfl4> 4 3"^fl! ')-77^( 

T V^-^O tf — a^-A"?- x^fc 4.58? O 31® 35 



£ 2 0 






-49— 



8B3B3 61-172411 (6) 




& 3 EI 

(dB) 

20 1— — i 1 I 1 1 1 1 < t T r 




M K (deg) 



-50- 



»I»JB861-172411 (7) 




m 5 ® 

(dB) 




8 S (deg) 



-51— 



815808 61-172411 (8) 



m 7 M 

B 9 H 




20 



mem 

CdB) 




8638861-172411 (9) 
$ 10 ta & I I 13 




ft .« 



#130361-172411 (10) 



m 13 m 

(dB) 




—54- 



.»BHBB 61-172411 (1t) 




